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In the United Kingdom the implementation of the C l e a n  bir Aot of 1956 involves 
the  set t ing up of an increasing number of smokeless zones throughout the country. 
I n  order t o  naintain sales of sol id  fuel, appliances t o  burn the present f'uels smoke- 
l ess ly  are being developed, and increased supglies of reactive smokeless fuels  are 
being mde available. To contribute t o  these supplies, a process for the production 
of a smokeless fuel from lov rank coal has been developed a t  the Coal Research 
Establishnent of the la t iona l  Coal ?ffd, A general account of t'bis developnent has 
recently been given i n  another paper , and it is proposed here to  reuiew in de ta i l  
so- of the investigations which were carried aut t o  determine the range of applica- 
t i on  and necessary prooess oonditions. 

The choice of low rank coal, volat i le  content greater than 35$ as a s ta r t ing .  
point is particularly appropriate i n  the U.K. a s  t h i s  material i n  small size  gradinga 
is economic t o  mine and well situated with respect t o  the markets. 

To convert this material in to  a suitable smokeless fuel requires that it be 
both uagrade p fs i ze  and rendersd smokeless, without markedly reduciw its reactivity. 
It was h o r n  
carbonisation and it w a n  .*ught l ikely that considerable reac t iv i ty  would be 
retained in the char. 

37 that low rank ooal could be nade smokeless by a process of par t i a l  

It was decided t o  at%empt to  briquette the char in  the s i m p l e s t  possible w a y ,  
i.e. witbout a binder of any kind. 
pressure alone have proved unsuccesaful, but several attempts t o  briquette cbar when 
hot had shown promise. 

Thus in 1931 H a r d y ( 4 ) ,  working in Belgium, took out his first patent on the hot 
briqgetting of char and several more were f i l ed ,  hhe l a s t  in 1937. The first Her* 
patenbcover a process which w a s  intended t o  briquette f i n e b  divided coals and l i m i t e ;  
the raw coal w a a  heated in a rotary w e n  to a ' p las t ic  or globulated s ta te ' ,  and 
oompacted direotly on discharge. 
w e r e  claimsd t o  act as  b inb r .  

811 attempts to  briquette cold char using 

The tars generated in the carbonisation process 
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Hydjj’s process was not a commercial success and in a much l a t e r  assesamsnt by 

Darsont 
under controlled conditions; 
cul t ies  s e a  to  have been encountered by Piersol in  his work i n  I l l i n o i s  

t h i s  wae attr ibuted t o  d i f f i cu l t i e s  arising in the production of char 
egglaaeration was a big problem, 

Interest  in  the briquetting of hot char was reawakened by Jappelt fn 1952(8) , 
who mve an extensive, though largely qualitative scoount of the factors  imrolvefi 
i n  successfill char trriquetting. 
concentrates on weakly caking coals, uses a rotary oven for  preparing the char awi 
advocates the use of an extrusion mess f o r  compaution. 

His work is o f  particular interest  in that he 

In the light of these e a r l i e r  investigations, the  line of  investigation adopted 

This paper s e t s  out t o  establish the process conditions for 
vas t o  prepare the char under controlled conditions, and briquette it whilst still 
a t  a high temperature. 
making a strong smokeless fuel from high volat i le  w e a k l y  caking coals by this method. 

The strength of compact produced by the direct  l x i e e t t i n g  of hot char can 
be expected t o  depend upon the following factors:- 

. 1, The naturs of the res material, 
2. The carbonisation conditions. ‘ 

3. The cmpacti.cn conditions. 
4. The after-treatment or cooling of the ‘briquettee, 

It is not proposed i n  this paper to  consider all the process variables, even $f this 
were possible, kt rather t o  foaas attention on those which have beem foud  t o  be the 
most important 

The paper f i r s t  describes some of the laboratory investigatisns carried aut 
under 1, 2, and 3 above, and later reviews these in the l i gh t  of experience on a 
continuous plant. 
obtained fran plant investigations. 
state of the process a stuumqr of the main fidings is given, 

An acoount is then given of the necessary quenching conditions 
Finally a f t e r  a brief sketch of the present 

L A B O W O R Y  INvEgpIcA!l’IOprS 

2.1. Description of Apparatus 

The laboratory experiments were concerned with determining the .conditione for  
the production of a Strong briquette from char. 
the conditions for the jroduction o f  a smokeless produc t  on this scale as insufficent 
product nas available for t e s t ,  

It was not practicable t o  exmine 

Fine coals (-10 mesh B A S . )  of B.C.B. Coal Bank Classification Hos. 700, 800 
and 900 (high volat i le  bituminous coals of l o w  caking power) have been used; 
coals of this type a reduction o f  volat i le  matter content to  abaut 23$ is sufficient 
t o  produce a completely smokeless char. 

in 

Preliminary experiments were conducted by heating a mall briquett iag mould 
(* pch diameter) t o  temperatures in the  low temperature carbonisation range (375- 
500 C )  and introducing ma11 charges of fine coal. U t e r  heating this material 
for about 5 minutes a plunger was introduced i n t o  the mould and the char was 
briquetted beheen the jars of an hydraulio press. Strong compacts could be made 
in this way but this method of heating W’BB not w a c t i c d  f o r  oommeraial exploitation 
4, as the temperature of the material  ras not uniform, actanate temperahre 
messurement was not practicable, 

Eherience at this research establishment had shorn that lor rank cede (CaC.700~ 
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800 and 900) could be carbonised i n  this range with considerable accuracy of control 
using a f lu id  bed carbonisera 
.AcCordhgly, a smal l  laboratory reactor two inches in diaineter w a s  constructed w h i c h  
operated on a batch principle. 
oarbanised a t  any temperature up t o  55OoC for any desired time. 
could be fed directly into a preheated &ld and briquetted at any desired pressure. 

The apparatus developed, which is i l l u s t r a t ed  in Fig. 1, was made up of the 
2 inch f lu id  bed reactor which could be discharged into a 0.6 inch (diae) heated 
mould held in the jaws of an hydraulio press. 
out using nitrogen preheated to the chosen temperature of carbonisation and intro- 
duced into the base of the bed via the b r i q e t t i n g  mould. Other fluidising gases, 
or mixtures of gases, could readily be substituted f o r  the nitrogen flow. Control 
of the bed tenperature w a s  carried out by external heating and oooling coi ls  wound 
round the reactor. 

the aggluneration problems had been overcome. 

In t h i s  reactor a coal charge could be loaded aud 
The char pzoduced 

Fluidisation was  normally carried 

In operation both the reactor and the mould were first raised t o  the carbonisa- 
t ion temperature with hot nitrogen f lowing  t h u g  the system. 
then loaded into the carboniser and the heaters adjusted u n t i l  the carbonisation 
temperature was raachedt 
closely controlled (2 5OC) f o r  the required carbonisation t ime.  
period the fluidising flow was stopped, and the distributor plate  opened t o  allow 
char t o  f a l l  direotly into the mould. 
any surface oxidation each briquette was allowed to cool in a small closed containero 

A coal charge was 

this took 2 t o  3 minutes and thereafter the temperature was 
A t  the end of this 

The char was then briquetted. To mevent 
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2.2. Testing Hethods far Laboratory Samples 

The quality of the briquettes was assessed by a destructive mechanical test .  
T h i s  consisted of a wmbined shatter and abrasion t e s t  in which single briquettes 
were first subjeoted t o  a standard abrasion treatment i n  a commercial abrader. 
i$ inch wrterial from t h i s  t e s t  was then dropped four times through a height of 
6 ft . ,  and the residue of + 
percentage of the weight of the in i t ia l  k iqye t t e .  
a s  a purely relative measure o f  briquette quality. 
of the briquettes was determined before the destructive t e s t s  

The 

inch material weighed. T h i s  was expressed as the 
The in&ex so formed w a s  regarded 
In some experiments the density 

2.3. Results of Laboratory Work 

2.3.1. Nature of the Raw h t e r i a l r  

=let i n i t i a l  t e s t s  carried out with a single wal quickly confirmed that 
strong compacts could be made by heating the m a l  to temperatures in the range 
375OC - 55OoC andcompacting the char a t  6 ton/sq.in., it was necessary a t  an early 
stage t o  know whether the process would be applicable t o  a wide r a g e  o f  low rank 
aoals. 

Samples of small coal, from six different co l l i e r i e s  s i tuated in the Eas t  and 
mest ?didlands divisions gf the Bogrd were selected and briquetted using oarboniser 
temperatures between 375 and 475 C. The Coal was ground t o  -10 mesh B.S.S., and 
the t o t a l  residence time in the reactor w a s  8 minutes and the briquettes were made 
a t  a pressure of 6 tm/sq.inch, 

The results.of shat ter  and abrasion t e s t s  on these b r i a e t t e s  are shown in  
Fig. 2. 
widely different ash contents ( 2  - 16$), and covered a vo la t i l e  matter content range 
of 35 - 496 (see Table l), the difference i n  briquett ing performance b e t p e n  these 
samples was not significant. 

In a l a t e r  attempt t o  briquette a s  wide a range of materials aa possible, 

Despite the f ac t  that the samples ranged over different  coal s e w ,  had 

L 
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special macaral concentrates, prepared from a loa rank coal by hand selection, were 
also examined. 
ewe?? t o  arise from normal cosiuneroial preparation of low rank coals. 
f a d  9 for example that it  was necessary t o  have ine r t in i t e  concentrations of 
60-70$ before an unbriqet table  material was obtained- 

These covered a much wider range of materials than would ever be 
It was 

Volatile 

' Coke Type $ (dry basis) dp d.a.f. 
O r q - E h g  Ash Content hbtter Content Coal Sample 

Division col l iery t seam 

Bast Kidlands Bestwood High Main B 7 *2 38.1 
n A 11.7 36.8 
a Denby H a l l  Abed 16.5 37.8 CUverton High- 

n ThOreSbg Top Hard D 10.9 35.6 
West Midlands Birch Coppice Mixed B ll.1 41.2 

n 38 e 0  Dexter bfixed d 1.7 

Size of grinti can also be expected t o  a f f e c t  tab s%rengtb.of char br iGet tes .  
Laboratory experiments have indicated that strength falls with inoreasing particle 
s ize  

To WLIPmaTise, there is wide tolerance i n  the type of low rank a t e r i a l  seleatal 
f o r  the process provided that  the material i s  crushed to a suitable size before 
b r i q m t t i q  (-10 mesh B.S.S. w d d  appear ade@ate). 

TABLE 1 

Laboratov investigations o f  different coals - 
Details of coals used 

2.3.2. The Carbonisation Conditions 

The r e s u l t s  already obtained for different coals (Fig. 2) also show that 
at a residenge t i m e  of 8 minutes the best briquettes are xcduced at a temperature 
of abaut 425 c. 

The general effect of carbonisation variables on briquette quality 
be considered. 
considered t o  be the temperature of operation, the residence time of material 
in the reactor, and the  nature of the fluidising atmosphere. 
laboratory experiments the  residence time was measured from the h t a n t  of loading 
the charge and t h u s  also includes the heating-p period of 2-3 minutes. 

now 
Using fluid bed carbonisation the major variables can be 

In all  these 

These carbonisation variables were araminnd in two eIperimenta. 

I n  the first of these an i n e r t  atmosphere (gtrogen)owas used, briquettes 

Three replioates of t h i a  experiment were 

In each 
0880 Calverton coal C.B.C. No. 902 w a s  used. 

being made over a range of tenperatuws from 350 C t o  500 C and a range of 
residence times of 5 min t o  80 min. 
made, each replicate being suitably randomised. 

The variation in density with temperature and residence time is shown in 
fig. 3, and. that of meahadcal qgaliw as 
abrasion t e s t  in Fig. 4. 

by the combined shat ter  and 
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It may be seen that both mechanical quality and density are a m&mum in the 
temperature range 4O0-45O0C, and that both decrease with Fncrease in residence 
time. 

In Fig. 4 contours are included t o  show the residual vo la t i l e  matter contents 
These indicate that  the best briquette quality (bry ash f r ee )  of the hiquet tes .  

is  aohieved about the 3 6  volat i le  matter omtent,  but that strong briquettes can 
be produced down to  and below a 25% volat i le  matter content, a t  which level very 
l i t t l e  smoke enission would be expected. 

Having established that i t  was possible t o  produce briquettes using an i n e r t  
atmosphere in the carboxiser, a second experiment was undertaken t o  t e s t  the e f f ec t s  
of using other  atmospheres. In  a l l  cases the same f lu id i s ing  flaws were maintained, 
and tbe atmospheres seleoted were:- 

( i )  

(ii) 

(iv) 

Sitrogen as with the previous experinrent. 

Xitrogen/hydrogen mixture (90r10 parts by volume). 

Air/nitrogen (50r50 parts by volume). 

The l a t t e r  abosphere was of p a r t i a l =  importace in that  in a continuous 

(iii) Stem. 

commercial reactor it w a ~  l ikely that the carbonisation heat would be obtained by 
heat of reaction, and a i r  would be used as a f luidis ing gas. 
used, with the cooling coi l  working a t  maximum capacity the air/nitrogen m i x t u r e  
was the richest which could be  usedr 
impossible. 

400' t o  500°C using residence times of  8 and 16 minutes, 
i n  Table 2. 
was found t o  be substantially the same, and the f a l l  in quality with hcreasing 
residence time was confirmed. It may be seen, however, that  briquette quality 
was significantly reduced when the &/nitrogen mixture was used for fluiiiising. 

I n  the smell reactor 

a t  higher oxygen concentrations control was 

With these atmospheres briquettes were prepsred in the temperature range 
The r e su l t s  are given 

For all the atmospheres, the temperature range for good briquetting 

F ~ O D  these investigations it is clear that  t o  produce strong briquettes long 
residence times i n  the carboniser must be avoided; 
a limited o p t h n  temperature rarge, and reactions with oxygen in the f luidis ing 
gas mst be kept t o  a minimum. 

briquettes must be nade i n  
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8 
16 

8 
16 

8 
16 

8 
16 

TABLE 2 

95 
92 

92 
92 

86 
81 

85 
76 

Variation of Briauette Strength+ with Fluidising 
Atmosphere, Carbonisstion Temperature and Residence 

Time, (Laboratory Resultsr. 

Fluidising 
Atmosphere 

Nitrogen 

Bitrogen/Hydxogen 
90110 part s  (vo~.)  

Steam 

50850 parts (vol.) 

Ca.&onisation Temperature OC I 
425 I 450 

92 93 

91 
84 86 

1 

Figures aven are the percentages of nater ia l  remaining 
a f t e r  test. 

2.3.3. The Compaction' Conditions 

It was mentioned in the introduction that  char cannot be briquetted cold, and 
in the  experiments so far described, care has been taken t o  maintain the briquetting 
mould a t  the carboniser temperature. Such a procedure may however be inconvenient 
on plant, and consequently a short investigation was made of the effect  of cooling 
before briquetting. 
(Calverton C.R.C. 902) carbonised a t  450°C for 15 minut-. mer this period the 
char could bs cooled t o  any desired temperature by switching over t o  cold nitrogen 
as f luidis ing gas, cutting the bed heaters, and turn* on the external cooling, 
Then the desired temperature drop had been achieved the char was then transferred 
t o  a aould maintained a t  the reduced temperature and briquetted (in this case at 
a pressure of 8 tan/sq.in.). 

In this experiment briquettes were wde using a single coal 

The re su l t s  of  the strength t e s t s  are shown in Fig. 5 where it can be seen 
that whilst a p l i t y  falls sluwly w i t &  temperature d a m  t o  a temperature of  about 
~ O C ,  after t f i  point it fells r a p i m .  

The actual variation o f  compaction density with pressure is shown in Fig. 6 ,  
and it can be seen t h a t  a t  6 ton/sq. inoh the compacticm curre is already beeonctng 
very steep at  the temperatures involved. 
proved adeqpate for all the coals studied both in laboratory and plant experiments. 

Pressures of 6-8 ton/sq. inch have 
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3. SCALE PLBElT I;ENESTIGATIONS 

3.1. Description of Plant 

A description of various experimaatal plant or the p a k c t i o n  of briquettes 

necessary t o  add a brief description here. The particular p l a t  used for  most of 
these investigatione was a amall one capable of handling 100 l b  c ~ a l / h ~ ,  Fig. 7. 
The reactor waa 8 in. in diameter 'and w a s  continuous in  operation. 
into the vessel by screw feeder and char was withdrawn through a conical base t o  
avoid agglomeration diffioult ies.  
ieing gas, a l l  the process heat being derived by reaction with the ooal. 

by t h i s  process has already been given elsewhere e15 , so that it dl1 0- be 

Coal was fed 

It was normally run with cold& a8 the fluid- 

Bricpettes were made on an lqdrea.dic extrusion press which normally produced 
a cylindrical compact 2 inohes in diameter, and 1% inohes long, t h i s  size be- 
very suitable f o r  domeatio grates. 
of briquette implies a briplet t ing r a t e  of about 8 briquettes par minute, and 
thus speed of b r i a p t t i n g  was low by commercial standards. 

With the limited plant throughplt t h i s  si= 

3.2. Testing Methods 

Be appropriate t o  this plant quality w a s  assessed by larger scale tes ts ,  
these consisted of: 

(i) Shatter t e s t  - 10 lb. of product was dropped four times through 
6 f t .  on t o  a s fee l  plate, and the weight percentaes  of +1 in& 
material determined; and, 

Abrasion t e s t  - 5 lb. of product w a s  subjected t o  625 revolutions 
a t  a standard r a t e  (25 r.p.m.) in a mooth s t e e l  t-1, the 
weight percentages of the result ing *p inoh material being determined. 

(ii) 

For brevity in  this paper the resul ts  o f  these separate t e s t s  have been 
combined in a single strength index by forming the product of the indices. 
This single strength index then bears so- resemblance to  the combined shat ter  
and abrasion t e s t  resul te  obtained from the laboratory investigations. 
the strength t e s t s  were intended for  re la t ive assessment of the produot it is 
considered that where the index obtained exceeded 80$ the briquettes would transport 
w e l l ,  whereas if it was l e s s  than 5 6  t h w  would transport badly. 

Whilst 

3.3. Results of Plant Work 

In the following review of the effect  o f  process variables the product bas 
in a l l  cases been dry cooled (i.e. allowed to cool in sealed drums). 
f u l l  scale plant cooling in sealed drums would not be possible and development 
of briquette quenching methods is described l a t e r  in  section 3.3.4. 

On a 

3.3.1. Eiature of the Raw Material 

Lcw rank coals from 24 different col l ier ies  were examined covgring the 
range of Gray King coke types A t o  F. 
dence t ime  o f  20 min, it was found possible, in a l l  cases, t o  produce strong 
briquettes (i.e. combined shat ter  and abrasion index -eater than 86, see 
Table 3). 

Using a temperature of 425 C and a reei- 

A t  this carbonisin@; temperature the smoke emission of the briquettes, 
BbG t e s t s  in an open grate, was mall in a~ eases. 
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' o la t i le  
h t t e r  
lontent 
I d.a.f. 

Plant investigation8 o f  different ooals 
Detaile of coals used and the strength of briauettes 

Produced a t  425°C 

Strength of 
bqs. made at 
425OC ($) Division 

b e d  
Mired 
bUed 
Mixed 
Mixed 

~~ 

EOXidlanda 
n 

n 
n 
n 
n 
n 

n 

n 
n 

n 

I( 

H 

ll 

WoMidlande 
n 
n 
n 
tl 

8.Eastern 
n 

Scott ish 
n 
n 
n 

C 
B 
B 
A 
A 

coal Samplc 

Colliery 

Babbington 
Thoresby 
Rufford 
lelbeck 
Babbington 
Q U l l g  
Badford 
Shirebrook 
Whitwell 
Bestwood 
Bestwood 
Gedling 
01 l e  rton 
==SOP 

Coventry 
I$aunolaood 
HewUgate 
h l W  
Dexter 

giveton Par 
MarbaDlw 

Dalkeith 
Dalkeith 
Dalkeith 
woolmet E l 1  5 B 

._ 
3h Content 
% (w 
basis) 

-37.2 
35.3 
37 -7 
35.5 
35.9 
38.8 
37.8 
37.1 
35-6 
37.8 
38 05 
39 e8 
37.9 
36 -3 

39.4 
40 .7 
3901 
39.2 
36.8 

36.1 
36 -8 

41.0 
40.6 
40.0 
36.8 

The pres- required to make these compacts waa abaut 6 ton/sg.inch, 
although far the Uher coke tsrpes somewhat lower pesaures were oftan adeqyate. 

The plant resul ta  therefore show tha t  the hot char briqpett ing procase ie 
applicable to a wide range of  l w  rank coals, and thns confirm and extend the  
earlier laboratory finainge. 

3.3.2. The Carbonisation Conditione 

T ~ B  plant investigation of the effect  o f  oarbonbation variables on briquettfng 

An investigation using Dexter coal, C.B.C. Eo. 902, has, hmevep bgsls 
has been rather race res t r ic ted  because of plant l imitations than that  i n  the 
laboratory. 
mad: of the variation of briquette quality with tempera- (in the range 375 c to 
450 C), and residence time (15 min t o  45 &)- 
residence times it WBB necaesarg t o  di lute  the fluidising air with nitrogep, 
although op e larger plant  a deeper bed oould be used. 

In order to achieve the longer 
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The resu l t s  of combined sha t te r  and abrasion t e s t s  carr ied out 011 briquettes 
made using a constant pressure of 7 ton/sq. inch for the above range of carboniser 
variables are given i n  Fig. 8. 
that the strongest briquettes are m e  in the range 40O0C - 45OoC, and that qyality 
diminishes with increasing residence time. 

b with the laboratory r e su l t s  it majr be seen 

As with the laboratory kriquettes the vola t i le  matter content f o r  optimum 
strength is higher than the 23% a t  which the char is completely smokeless. 

3.3.3. The Compaction Conditions 

In  the laboratory it was shown that any substantial reduotion of temperature 
between carboniser and press produces a weaker briquette. 

Tests were carried out on the plant by removing heating and lagging f r o m  the 
short feed l i ne  connecting carboniser and press. The hriquetting temperature as 
indicated bj thermocouples in the char stream are given in  Table 4, together with 
the s k t t e r  and abrasion indices of the briquettes produced. 

TABLE 4 
Variation of Briquette Strength* with Briquettin& 

Temperature. (Plant Results) 

I Carbonisation Temperature I ~ 425OC I 
I Briquetting Temperature I Briquette Strength4 

425OC 

350°C 
2 8 5 O C  

4w0c 
93 
87 
84 
83 

Results quo:ed are the combined plant sha t te r  
(+ l o t )  and abrasion (+ &") t e s t  resul ts .  

of 7 ton/sq. inch. 
+ A l l  briquettes were prepared a t  a pressure 

Over the limited range of temperature drop investigated in this w a y  there 
was a reduction in  quality with increasing temperature drop; 
laboratory resul ts .  
the reactor and the pressi 
ture  gradient. 

this confirmod the 
It is  preferable t o  permit no f a l l  in char temperature between 

indeed there may be a case fo r  using a r i s ing  tempera- 

With respect t o  other briquetting variables it ha8 been found on the plant 
t ha t  density increases with pressure, but that  the r a t e  of  inorease f a l l s  a t  
higher pressure, as  would be expected. 
but on ertrusion presses another effect  is i e o r t a n t .  
separation betneen successive briquettes becomes poor, and i n  some cases continuous 
l e n g t h  of d i v i d e d  briquette emerge f r o m  the nozzle. 
i t  would thus appear t ha t  pressures which are too high can be a positive 
disadvmtsge and this seem to  be par t icular ly  the case with the more highly 
c&ing coals. 
f& possible t o  make strong briquettes a t  pressures below those which bring 
ab xt severe st ickb3. 

This is true also o f  briquette strength, 
A t  high pressures the 

For briquette anearance 

However, wherever t h i s  phenomenon has been encountered it has been 
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3.3.4.. @enchine; Conditions 

In tulk production of char briquettes it is necessary t o  introduce a cooling 
stage t o  prevent spontaneous combustion of t he  product and it has already been 
pointed out that, in the  assessments so far of process variables, ths product 
has been d r y  quenched in sealed drum. Cooling in this way takes between 12 
hours and 2 days, depending on whether 90 l b  or 250 lb  drums are used. 

1 

I 

1 

, 
@ite  early in these investigations wet quenching by immersion in water 

was considered as an alternative. 
a safe temperature (i.e. about 5OoC) in 20 rnin., but such cooling produces internal  

a d p  aooled product. 
425 C, and f o r  the mre hlghly caking coals. 

Ey t h i ~  means briquettes can be quenched t o  

cracking and gives substant ia l ly  lower shat ter  indices than those obtained f o r  - 4 

4 This is par t imlar ly  true f o r  briquettes produced a t  

Experiments on cooling briquettes in f lu id  beds of oold sand and in dry 
ice  qgickly demonstrated that the ra te  of cooling rather  than the nature of 
the coolant W a 6  responsible for  the cracking. 

Then a briquette emerging f r o m  a pess a t  about @O°C is plunged d i rec t ly  
into oold water it suffers a large thermal shock. 
by cooling the briquettes more slowly, e i ther  in an iner t  at@osphere or by 
spraying l i gh t ly  with water, prior t o  complete immersion. 
cooling procedare reduces ia te rna l  cracldng is i l l u s t r a t ed  in  Fig. 9 ,  where 
sections of b r iwe t t e s  &y cooled in sealed t i n s  for 10 and 20 min: before 
iiiEiersion in w a t e r  are compared with briquettes which were ismediately bmw3rsed. 

t eqe ra tu re  gradually to about 150% before immersion in water. 
cooling stage can be performed by cooli?g on a conveyor in a steam atnosphere 
for 30 min., or by a shorter period, (15 min.) of s p r w  quenohiw (see fig. lo), 
followed by 8 nin. irmnersion in water. 
briqyettes closelgr comparable in  strength with those cooled i n  sealed drum. 
Far c-ercial exploitation, steam cooling, followed by water immersion, is 
preferred. 

The shock can be reduced 

T h a t  such a txo-stage 

Plant investigations h v e  shown t i t  it is desirable t o  reduce the average 
The first 

These t w o - s t a g e  treatments mve 

3.3.5. Smoke Enission & Fael Performance 

With the greater supply of product f m the plants it was p ss 'ble  to carry 
out open, i.e. stool-bottorqgrate t e s t s ( l 8  and coke grate tests?11) for radia- 
t i on  and vis ib le  smoke. 
photc-electric c e l l  t o  measure the obscuration of a l ight  beaq traversing the 
f lue  or the moke mag be collected in an e lec t ros ta t ic  precipitator and weighed. 
The second nethod is l ike ly  to  be accepted a s  a British Standard nethod but for 
our purpose the convenience of the optical method outweighed the rather be t te r  
accuracy of the gravimetric method. 

Smoke emission may be measured optical ly  u s i n g  a 

Optical snoke indices are given in Table 5. 
"nahrally snobless" coals are  included for comparison. 
i n  t h i s  case Dexter C.B.C. Bo. 902, s v e  an index of 93. 

Values o b t a h d  f r o m  other 
The pareat coal, 

It can be seen that smoke emission decreases r a p i d u  with increasing carbon- 
isat ion temperature and decreaai 
becones v i r t u a l 4  smokelesa a t  3 vola t i le  matter  content. b t h e r ,  the range 
of smoke emission of the "naturally snokeless" fuels given in  Table 5 ,  is wide 
enough t o  give considerable latititde in process conditions fo r  the production of 
a strong briquette. 

volat i le  matter content u n t i l  the poduct 

t 

i 

t 
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TULE 5 
Smoke W s s i o n  Indices for briquettes burned in 

stool-bottom a d  coke grate t e s t s  

a )  Smoke index of briquettes made f r o m  Dexter char; 
time i n  carboniser. 

30 min. residence 

Smoke emission i d e x  in 
StOOl-bOtton t e s t s  

koke eJission h d e x  in 

b) Sample smoke indices of other coals f o r  comparison 

(i) Stao1-bottom grate 

International coal 
Dee? Bavigation coal 
Pe-mikyber coal 
Comercial Low Temperatare Coke 

16.59 V.N. d.m.m.f. (311 x 211) 

14.G V.X. d.s.rn.f. 
12.75 V.X. d.m.m.f. 

+ 8") 
(ii) Coke Grate 

b t e rna t iona l  coal 
Deep Bavigation coal 1 4 . 6  V.M. d.rn.m.f. ( x le) 
Penribber  coal 

l6.5$ V.P. d.m.m.f. (ql' x l&') 

12.@ V.Y. d.m.m.f. (z" x 1 ~ " )  
Comercial Low Temperature Coke (+ 3") 

Index - 
35 
7 
3 
3 

33 
8 
4 
2 

The c r i t i c a l  air blas t  test12 showed the f ie1  to be "reactive" in  that  
t h e  zeqili-ed a i r  blast  was l e s s  t'w the minimum flowused i n  this t e s t  (0.00s cu. 
f t .  air/;nin). 
grate t e s t s  is i l l u s t r a t ed  i n  Table 6; 
the performance of the briquetted fuel  equals that  of the parent coal. 

The general performance of the briquettes in stool-bottom 
it can be seen t ha t ,  apart f r o m  smoke, 



T O L E  6 

PerfOrmanCE o f  Dexter coal and Dexter char briauettes 
i n  stool-bottom grate tes ts+ 

&el Teated 

Time t o  reach 6,oCO B,t.u./h 

Peak radiation after ignit ion B.t.u./h 

a f t e r  ignition (min) 

n If I1 1st re fue l  

n 11 3rd 11 

11 tf " 2nd I' I1 

G r o s s  radiation 
(2O(Xh2000 B.t.u./h) B,t.u. 

Average radiation per hour 11 

It If " pound I' 

Of fue l  burned 

. Dexter Dexter 
&" x l&" Char Briguettes 

28 

L0,410 
LO, 530 
9,140 
8,550 

8,060 
9,940 
9,990 
9,UO 

57 , 380 69,070 

6,670 
2,900 

+ I n  the stool-bottom t e s t  a f i r e  is lit using 9 lb. of coal 
and recharged three times using 5 lb. o f  coal per refuel. 

So far we hav~ reviewed some o f  the m a i n  pocess  variables involved in 
briquetting hot char in an er t rJs ion press as revealed tgr laboratory and d l  
pilot  plant investigation. ??e have shown that a strong bricpette can b e  made 
and that there is a fair range of conditions under which the briquette is also 
smokeless, but we have not considered sone of the variables which m e  of great 
importance t a  the commercial suacess of the process. 

First is the a b i l i Q  of the carbonising and briquetting sy&ems t o  operate 
The carbonising qs tem 

I n  order t o  get 

only minor d i f f i cu l t i e s  

continuously over reasonable periods without shutdown. 
is particularly pmne t o  troubles associated rRith agglomeration in the bed and 
the extrusion press i e  suscaptible t o  high ra tes  of die wear. 
some masure of these l ikely d i f f i cu l t i e s  a 500 hr. run on an 18 in, dia, 
car~oniser/2n dia. extrusion press r i g  was attempted. 
were encountered in the carboniser and die wear w a s  found t o  be mch l e s s  
troublesome than had been expected. 

For aomnercid use it is necessary t o  operate the extrusion press a t  much 
higher speeds than is possible on small p i l o t  plant  where the lirnit was about 
strakes per mimte. 
iser but w a s  also influenced by the transient shock warns which are character- 
i s t i c  of bydraulio presses operating a t  high speed. 
variable speed mechanical pr~ss, Fig. 11, has shown that  good briquettes can be 
made at speeds o f  80 strokes per minute, and that hi-r speads mey well be poa- 
sible. 
these have been succeeafbl but demand very close control of carbonism conditions. 

The l imit  w a s  s e t  ?rimarily by the capacity of the carbon- 

BECEU~ experience on a 

Attempts have also been made t o  briquette the char on r o l l  ~ e s a e s ,  
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m q q i t t e  shape is important commercially and some of the variants 
possible on an extrusion press are i l l u s t r a t ed  i n  Fig. 12. In order t o  
obtain optimum fuel  performance on an open fire, briquette weight should 
not exceed 100 gms. 

trials, an& Fig. 13 gives soma idea of the a p p e a r w e  of a ragonload of d r y  
wenched b ique t t ed  a f t e r  a transport test .  

Tonnage plantit iea of b i q u e t t e s  have been made for market and transport 

The fue l  has been show t o  be an acceptable premium grade smokeless fue l  
for the domestic market. It is  emokeless a t  volat i le  contents between 23 
and 26% and is made without unpleasant and expensive binder. 
for 90mmercial developmnt are already in an advanced stage. 
t o  exploit the vir tues  of this process in the manufaoture of oloeed stove and 
metallurgical fuel,  a d  to extend the range of coals which oan be processed 

Preparations 
It remains 

in this way. 

The work described was carried out in the research laboratories of the 
National Coal Board a t  Stoke Orchard, Cheltenham, England: 
kind permission o f  Dr. W. Ib is  Jones, Director General of Besearoh. 
authors achowledge the helpful discussion and careful experimentation o f  
maw colleagues. 

it is  piblished by 
The 

The views expressed are those of the authors and not necessarily those 
of the Board. 
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FIG. 3. V A R I A T I O N  OF DENSITY W I T H  T E M P E R A T U R E  
AND TIME. 
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F I G .  4. V A R I A T I O N  OF STRENGTH W I T H  T E M P E R A T U R E  
A N D  RESIDENCE TIME. ' ( L A B O R A T O R Y  RESULTS) 
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Brigueftes dry quenched 

Briquettes wet  quenched after 
20 min. dry quenching 

Briquettes w e t  quenched after 
IO min. dry quenching 

Briquettes wet guenched 

FIG. 9 .  SECTIONS OF BRIQUETTES AFTER QUENCHING 

FIG. IO. TWO - STAGE QUENCHING FACILITIES ON A 
S M A L L  PILOT ' PLANT 
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FIG. 1 1 .  MECHANICAL EXTRUSION P R E S S  

D 

L ’  
FIG. 12. EXTRUSION BRIQUETTES OF V A R I O U S  

CROSS - S E C T I O N  



FIG. 13. BRIQUETTE APPEARANCE AFTER ZOO MILES 
R A I L  TRANSPORT 


